Summary. The 
Introduction
Conspicuous regional differences in the structure of the epididymis have been repeatedly described (Hammar, 1897; Nicander, 1957 Nicander, , 1958 , and Glover & Nicander (1971) have suggested that histologically, cytologically and functionally the epididymis should be divided into three main regions : initial, middle and terminal segments. These segments do not necessarily correspond to the traditional terms of caput, corpus and cauda epididymidis, nor is it known whether the new terms are applicable to all mammalian epididymides.
In continuously breeding laboratory animals, research on the hormonal regulation of epididymal function has frequently involved removal of the testes and hormone replacement therapy (Hamilton, Jones & Fawcett, 1969) . In seasonal breeders, however, hormonal changes occur more gradually and the intermediate stages of activation and regression of the epididymal epithelium can be exam¬ ined. The European mole, Talpa europaea, which has a distinct breeding season (Allanson, 1963) , was therefore chosen for an examination of all stages of the epididymal cycle. The investigation also provided an opportunity to determine the sensitivity of the epididymis to androgens at different stages of the reproductive cycle.
Materials and Methods
Male moles (51) were caught at intervals of about 6 weeks for 1 year in the vicinity of Stallmine, Lancashire, England, 53°54'N, 2°57'W. Live animals were transported to the laboratory, and killed by decapitation. Immediately after death, the testes and epididymides of 23 animals were fixed in 2-5 % phosphate-buffered glutaraldehyde. Particular care was taken to remove the muscular sac which invests the terminal segment of the epididymis in this species (Text- fig. 1 ). After initial fixation, small pieces of tissue were selected for electron microscopy from the testis and from four different parts ofthe epididymis (see Fig. 1 ) and much higher density in the proximal half of the middle segment (PI. 1, Fig. 2 ). The acrosomes of spermatozoa in the initial segment appeared tortuous in outline and cytoplasmic droplets were situated on the neck (PI. 2, Fig. 5 ). In the terminal segment, the acrosomes were condensed and filiform (PI. 2, Fig. 6 ) and the cytoplasmic droplet had migrated caudally. These morphological changes occurred in the spermatozoa as they reached the proximal part of the middle segment.
The epithelium lining the epididymis consisted of two major cell types-the stereociliated principal cells which predominated but varied in structure along the length of the duct, and basal cells with poorly developed organelles. Slender columnar cells and halo cells were seen occasionally. The columnar cell was easily distinguished from adjacent principal cells by its cytoplasm which contained many dense granules, Iipid droplets and in some cases, glycogen.
In the initial segment, the star-shaped lumen contained electron-permeable fluid. The Golgi apparatus of the principal cells was particularly well developed and the basal cytoplasm of these cells contained abundant rough endoplasmic reticulum (PI. 1, Fig. 1 ; PI. 2, Fig. 7 ).
In the middle segment, the lumen was packed with spermatozoa suspended in an amorphous substance (PI. 1, Fig. 2 ). The principal cells of this segment contained absorbing vacuoles, which in many cases appeared as large multivesicular bodies (PI. 3, Fig. 8 ), although most were <2 µ in diameter. They were more numerous in the proximal part of this segment. Apart from the distribution of vacuoles, there were other differences between the proximal part and the rest of the middle segment,
In the proximal part of the middle segment, which consists of about one-quarter of this segment, smooth endoplasmic reticulum was abundant in the principal cells (PI. 3,  Fig. 9 ). More than 10 layers of flattened cisternae were arranged towards the periphery of the cell, although they did not make contact with the luminal surface. At the margin of this mass of smooth endoplasmic reticulum, sheets of membranes were often continuous with rough endoplasmic reticulum. In the infra-and supra-nuclear zones, many lipid droplets were present in the centre of these membranous masses. In the rest of the middle segment, the smooth endoplasmic reticulum was poorly developed, but lysosomal bodies, many of them containing myelin figures, were numerous. They were distributed in the" infranuclear zone and some of them exceeded 3 µ in diameter. A characteristic feature was the presence of intra-epithelial vesicles (PI. 1, Fig. 3 ) which appeared as puff-shaped spaces surrounded by the free surface of the principal cells.
In the terminal segment, the tubules consisted of a low lining epithelium, and at the beginning of the season when there were no spermatozoa or fluid in the lumen the principal cells were tall and irregular in shape. The principal cells were activated earlier than those of more proximal segments (PI. 4, Fig. 10 ). In the lumen, particularly in the distal part of the segment, an amorphous substance formed large dense masses (PI. 1, Fig. 4 Fig. 16 ) and direct contact between them and the basal lamina was sometimes observed. The volume of the principal cell, its Golgi apparatus, endoplasmic reticulum and the number and length of its stereocilia diminished gradually, and in the middle segment all vacuoles and smooth endoplasmic reticulum disappeared completely. Lipid droplets, which were common in this segment of the active epididymis, also decreased in number. As a result of these changes, the regional differences between principal cells were lost.
Quiescent stage. The luminal diameter of the epididymis diminished and the lining epithelium was very low. The lumen, either patent or nearly closed, contained only electron-permeable fluid (PI. 4, Fig. 14 Fig. 18 ). Small stacks of Golgi apparatus, small mitochondria, fragmented rough endoplasmic reticulum, centrioles and many free ribosomes were contained within the dimin¬ ished cytoplasm. Short stereocilia appeared at the luminal surface of the principal cell. At the bases of the principal and basal cells many thin branches of cytoplasm were attached to the basal lamina, the folding of which resulted from a reduction in the diameter of the epididymal tubules. Some principal cells contained lipofuscin pigment granules derived from autophagic vacuoles, and many similar granules were seen in some of the true basal cells and also in the basal-like cells which were not attached to the basal lamina. In one mole (No. 24), a cell that was heavily laden with these granules was seen passing through a broken basal lamina (PI. 6, Fig. 17 (Fig. 14) . Fig. 10 . Many secretion granules are seen in the sperm free lumen (compare Fig. 14) . The arrow points to a dividing cell, which is commonly observed at the beginning of the breeding season. Toluidine blue, x660. Fig. 11 . Apical surface of the principal cell. The secretion granules seen in Fig. 10 are clearly amorphous and not membrane-bound (AS). Similar material occurs in the apical vesicles (arrows) and in the cisterna of rough endoplasmic reticulum (rER) of the principal cell. The electron density of the contents in the rER is lower than that of the luminal substance. The substance may be secreted by exocytosis (arrow head), 19,200. Fig. 12. Higher magnification of Fig. 11 . Note the secretion granule, the membrane of which appears thinner than the plasma membrane (arrow). x42,000. Fig. 13 . Golgi region of the principal cell. Amorphous substance, similar to that shown in Fig. 11 , is also present in the Golgi vacuoles (arrows), 14,400. Fig. 17 . The epididymal epithelium in the proximal part of the middle segment of the sexually quiescent mole showing a cell heavily loaded with lipofuscin pigment granules passing into the interstitial tissue through the break in the basal lamina (arrowed). x6000. (Fig. 19 ) and the distal (Fig. 20) During the first stage of activation many lipofuscin pigment granules could still be seen in the lining epithelium, although they later disappeared. The position of the nucleus varied within the principal cell, resulting in so-called pseudostratification, and there was also considerable variation in the density of the nuclei and cytoplasm of these cells (PI. 8, Fig. 19 ) which assumed a characteristic columnar appearance as the volume of the cytoplasm increased.
The most distinct change was the increase in number of free ribosomes and mitochondria and in amount of rough endoplasmic reticulum in the cytoplasm of the principal cells. The Golgi appar¬ atus, lysosomal bodies and stereocilia increased only gradually (PI. 8, Fig. 19 ). In the initial segment many microtubules made a transitory appearance in the expanding cytoplasm. In the middle segment, characteristic absorbing vacuoles appeared, but development of the smooth endoplasmic reticulum and the accumulation of lipid droplets lagged behind the organization of other cell organdíes.
In the later stages of development, large membrane-bound vacuoles appeared in the cytoplasm of the principal cells (PI. 8, Fig. 20 ). They were more frequently encountered in the initial segment and in the posterior part of the middle segment, and were obviously newly formed autophagic vacuoles, since they contained recognizable cell organdíes or cell debris. Cells distended with many such vacuoles appeared in the intercellular space of the epididymal epithelium, but on a smaller scale than was seen during the subsequent regressing stage.
Discussion
Mole testes are situated in ventral abdominal pouches and appear to be intermediate in position
between those of testicond and scrotal mammals. The present observations, however, show that the fine structure of the epididymis of the sexually active mole is similar to that of true scrotal mammals, such as the rabbit (Nicander, 1965) , or hamster (Nicander & Glover, 1973) . The characteristics of different regions of the duct (Table 1) correspond well with the description of the three segments given by Glover & Nicander (1971) . These workers pointed out that spermatozoa became concentra¬ ted in the lumen of the middle segment, indicating that fluid absorption occurs during maturation of the spermatozoa. In the epididymis of the sexually active mole, concentration of spermatozoa in the middle segment is obvious, and morphological changes in the spermatozoa correlating with sperm maturation are apparent during their passage through this segment (PI. 2, Figs 5 and 6). The division of epididymal function as outlined by Glover & Nicander (1971) Fig. 8 ), which have been described as characteristic cell organelles of the middle segment (Glover & Nicander, 1971) , are much smaller and more sparsely distributed than in the epididymis of the rat (Reid & Cleland, 1957) , rabbit (Nicander, 1965) , or hamster (Nicander & Glover, 1973) . In addition, although smooth endoplasmic reticulum is prominent in the principal cells of many mammalian epididymides (see Hamilton, 1971) , extensive development of this organdie in the mole is limited to the proximal part of the middle segment (PI. 3, Fig. 9 ). In these respects, the epididymis of the mole is cytologically more simple than that of true scrota! mammals. Intra-epithelial vesicles (PI. 1, Fig. 3) (Scott, Greaves & Scott, 1960) and man (Holstein, 1969) . In golden hamsters, similar vesicles ap¬ peared in the epididymis within 1 week of bilateral gonadectomy, although their appearance was delayed by the administration of testosterone; they also occurred some weeks after experimental cryptorchidism (Suzuki, 1974) . The vesicles are mostly located between the distal part of the middle segment and the proximal part of the terminal segment in moles, hedgehogs and hamsters. In the hamster, the vesicles appear to be formed by fusion of folded epithelium since they contain either spermatozoa or clearly identifiable parts of spermatozoa (Suzuki, 1974) . In the mole and hedgehog, however, such vesicles were empty, perhaps because they form before the first spermatozoa reach the epididymis at the beginning of the breeding season.
Macrophagic activity of the basal cells has been found in the regressing epididymal epithelium of the gonadectomized hamster (Suzuki & Glover, 1973) . Cells heavily laden with lipofuscin pigment granules appeared in the regressing epididymal epithelium of the mole (PI. 6, Fig. 16 ) and regres¬ sion appears to be the result of heterophagic as well as autophagic activity, as in the involuting mammary gland (Helminen & Ericsson, 1968 Although the epididymal epithelium is known to secrete many substances, such as glycerylphosphorylcholine, protein and PAS-positive substances (Jones & Glover, 1975) , morphological evidence for secretion is limited. Although blebs on the surface of the principal cells have been associated with secretion by Holstein (1964 Holstein ( , 1969 , Nicander (1970) has produced good evidence that they are artifacts of fixation. Present observations on the terminal segment of the mole epididymis indicate, however, that secretion does occur, for in the sexually quiescent mole the lumen is either empty or contains electron-permeable fluid (PI. 4, Fig. 14) , while at the beginning of the breeding season, before any spermatozoa have arrived in the epididymis, the lumen is full of amorphous granular material (PI. 4, Fig. 10 ). Such material is also seen in vacuoles around the Golgi apparatus (PI. 4, Fig. 13 ) and in apical vacuoles of the epithelial cells (PI. 4, Figs 11 and 12) and appears to be a secretion. Although the secretion product probably arises by activity of the Golgi apparatus in the mole, its direct release from cisternae of the endoplasmic reticulum, as has been suggested for the rat by Hoffer, Hamilton & Fawcett (1973) , cannot be altogether discounted.
During the course of the breeding season, the various regions of the epididymis appeared to differ in sensitivity to androgens, since the more distal regions of the duct were active for longer than the more proximal regions (Text- fig. 2 ). The terminal segment maintains its activity for a longer period than the rest of the duct, and in one mole (No. 28) the lining cells of the sperm-storing terminal segment were active well beyond the end of the breeding season. In another seasonal breeder, the rock hyrax, spermatozoa are also stored in the terminal segment for some time after the testis has started to regress (Millar, 1972) . In the extreme case of some vespertilionid bats, fertile sperma¬ tozoa are stored in the terminal segment of the epididymis for up to 7 months after the cessation of spermatogenesis (Racey, 1973) . Since the normal activity of the epididymis is dependent upon circulating androgens, and since this activity is in turn vital to sperm survival in the epididymal duct (Lubicz-Nawrocki & Jones & Glover, 1973; Glover, Suzuki & Racey, 1974) , it is appropriate that the cells lining the terminal segment where spermatozoa are stored have a continuing androgen requirement. Neither is it surprising to find that testicular androgenesis con¬ tinues, albeit at low levels, during sperm storage (Racey, 1974) .
The cells of the terminal segment do eventually regress and stored spermatozoa are eliminated. At the end of the breeding season, therefore, regressive changes in the epithelium occur throughout the epididymal duct, with disintegration of cell organelles, reduction of cell volume, the formation of autophagic vacuoles and their transformation into numerous lipofuscin pigment granules (PI. 5, Fig. 15 ). These changes are similar to those following bilateral gonadectomy (Suzuki & Glover, 1973) , except that they take longer, a clear correlation with androgen levels which fall gradually in seasonally breeding mammals (Racey, 1974) and decline rapidly after bilateral gonadectomy (Rowe, Shenton & Glover, 1973) .
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